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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH HEMDRANDUM 

PERFORMANCE OF A TURBOJET ENGINE WTM ADJUSTABLE FIRST-STAGE 
TURBINE STATOR AND VARIABLE-AREA EXHAUST NOZZLE 
By Carl L. Meyer , Ivan D. Smith, and Harry E. Bloomer 


SUMMARY 

The performance of a turbojet engine with a two-stage turbine, an 
adjustable first-stage turbine stator, and a variable-area exhaust nozzle 
was Investigated at selected constant engine speeds and two simulated 
flight conditions; various fixed settings of the adjustable turbine 
stator were used. For the particular component characteristics of the 
engine Investigated, little Improvement in thrust or specific fuel con- 
sumption could be realized at conditions from 75 percent of normal to 
military thrust by use of an adjustable rather than an optimum fixed 
first -stage turbine stator. 


INTRODUCTION 

As part of an experimental evaluation of a full-scale turbojet 
engine with a two-stage turbine in the NACA Lewis altitude wind tunnel, 
data were obtained to determine the over-all and component performance 
of the engine when equipped with both an adjustable first-stage turbine 
stator and a variable-area exhaust nozzle. The performance of the tur- 
bine and a discussion of the design and mechanical reliability of the 
adjustable first-stage turbine stator are presented in reference 1. The 
performance of the compressor and over -all engine are presented herein. 

For the engine equipped with the adjustable first-stage turbine 
stator and variable-area exhaust nozzle, it was possible to control the 
matching between the compressor and the turbine; thus, compressor pres- 
sure ratio could be varied Independently of turbine-inlet temperature 
and engine speed within a range limited by the flow-area: variation of 
the adjustable turbine stator, the maximum turbine -inlet temperature, 
the compressor surge pressure ratio, or the area variation of the exhaust 
nozzle. Through use of various fixed positions of the adjustable first- 
stage turbine stator, data were obtained to enable selection of an opti- 
mum fixed-stator flow area for the particular engine and to determine 
whether or not there are performance advantages to be gained by use of 
adjustable as compared with fixed turbine stators in the given engine. 

The analysis of reference 2 indicates possible improvements In specific 
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fuel consumption at less than maximum thrust thorough use of adjustable , 
rather than fixed, turbine stators in a turbojet engine equipped -with a 
variable -area exhaust nozzle. 

At a given simulated flight condition and at various fixed positions 
of the first -stage turbine stator, data were obtained over approximately 
the available range of turbine -inlet temperatures at each of various 
constant engine speeds by varying the exhaust-nozzle area. At simulated 
conditions corresponding to a flight Mach number of 0.62 at an altitude 
of 30,000 feet and a flight Mach number of 0.46 at an altitude of 
15,000 feet, data were obtained for a range of first-stage turbine -stator 
positions which correspond to a. range of effective stator flow areas from 
1.13 to 1.25 square feet. 

Compressor performance maps are presented herein for the simulated 
flight conditions investigated. Composite performance maps are presented 
for selected engine speeds at the two simulated flight conditions to show 
engine performance in terms of net thrust, specific fuel consumption, 
turbine-inlet to engine -inlet temperature ratio, and compressor pressure 
ratio for the family of first-stage turbine- stator positions investigated. 
The results of the present investigation are limited, of course, by the 
component characteristics of the engine. 

The adjustable first-stage turbine stator used in the present inves- 
tigation was not designed as a standard component of the engine but was 
intended as a means of regulating the engine operating point for other 
component investigations such as that of compressor surge reported in 
references 3 and 4; therefore, high performance of the turbine was not a 
primary consideration in the stator design. In addition, the adjustable 
stator was the first-stage stator of a two-stage turbine; the turbine 
rotors and second-stage stator were designed for a fixed-position first- 
stage stator. 


APPARATUS 

Engine 

A prototype J40-WE-6 turbojet engine was used for the present inves- 
tigation. Main components of the engine include an 11-stage axial-flow 
compressor, an annular combustor, a two-stage turbine , an exhaust collec- 
tor, and a continuously variable clam-shell-type exhaust nozzle. For the 
present investigation, a mixer -vane assembly was included at the compres- 
sor outlet to alleviate turbine-inlet temperature distribution problems; 
the electronic control waB modified to permit independent control of 
engine speed and exhaust-nozzle! area; and the fixed-position first- 
stage turbine stator was replaced by an adjustable stator. 
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Approximate sea-level thrust ratings of the J40-WE-6 turbojet engine 
are as follows: 


Operating condition 

Thrust, 

lb 

Engine speed, 
rpm 

Turbine - inlet gas 
temperature, °F 

Take-off and military 

7500 

7260 

1425 

Normal 

6800 

7260 

— 

90 percent normal 

6120 

7260 

— 

75 percent normal 

5100 

7050 

— 


Adjustable First -Stage Turbine Stator 

The adjustable first-stage turbine stator, which, was supplied by 
the engine manufacturer , is illustrated schematically in figure 1. The 
stator blades were mounted on shafts and could be turned simultaneously 
between the inner and outer shrouds through the illustrated actuating 
mechanism by an externally mounted worm-gear drive. Adjustment of the 
stator setting varied the flow area of the stator and also the angle 
through which the gases were turned in passing through the stator. A 
more detailed description of the turbine and the adjustable stator is 
given in reference 1. Independent control of the adjustable stator was 
used in the present investigation to select various fixed stator set- 
tings for which the range of effective flow area was from 1.13 to 
1.25 square feet. The method of determining effective stator flow area 
is given in reference 1. 


INSTALLATION AND INSTRUMENTATION 

The engine was installed on a wing segment that was supported in the 
20 -foot -diameter test section of the altitude wind tunnel by the tunnel 
balance frame. Dry refrigerated air was supplied to the engine from the 
tunnel make-up air system through a duct connected to the engine inlet. 

Air flow through the duct was throttled from approximately sea-level 
pressure to a total pressure at the engine inlet corresponding to the 
desired flight Mach number and altitude, while the tunnel test-section 
static pressure was maintained at that corresponding to the desired 
altitude. Thrust and drag measurements with the tunnel balance scales 
were made possible by a slip joint with a frictionless seal located in 
the duct upstream of the engine. 

Conventional instrumentation for the measurement of temperatures and 
pressures was installed at various stations in the engine (fig. 2). Pres- 
sures in the inlet-air duct ahead of the engine (station l) and at the 
engine inlet (station 2) were measured with water-filled manometers, and 
those at the compressor outlet (station 4), turbine inlet (station 5), and 
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turbine outlet (station 6) were measured with mercury-filled manometers; 
all pressures were photographically recorded. Temperatures in the duct 
ahead of the engine and at the compressor outlet were measured with iron- 
constantan thermocouples , and those at the turbine -outlet were measured 
with chromel-alumel thermocouples- All temperatures were automatically 
recorded by self-balancing potentiometers. Turbine -inlet temperatures 
were calculated from the turbine -outlet tenperatures, with the assumption 
that the enthalpy drop across the turbine was equal to the enthalpy rise 
across the compressor. Fuel flow was measured by means of calibrated 
rotameter s, engine speed by means of a stroboscopic tachometer in con- 
junction with a continuously indicating tachometer, and thrust by means 
of the tunnel balance scales. 


PROCEDURE 

Engine speed, exhaust -nozzle area, and first-stage turbine -stator 
position were independently controlled throughout the investigation. At 
a given simulated flight condition and at various fixed settings of the 
adjustable first-stage turbine stator, data were obtained over approxi- 
mately the available range of turbine -inlet temperatures at each of 
various constant engine speeds by varying exhaust -nozzle area. Maximum 
turbine -inlet temperature was limited to 1425° F or to the maximum 
obtainable without encountering compressor surge. Minimum turbine -inlet 
temperature was limited by the maximum exhaust -nozzle area. 

Data are reported herein for simulated conditions corresponding to 
a flight Mach number of 0.62 at an altitude of 30,000 feet and a flight 
Mach number- of 0.46 at an altitude of 15,000 feet. Data were obtained 
with five fixed positions of the first-stage turbine stator at the 
higher altitude condition and with three at the lower altitude condition; 
at both flight conditions, the. range of stator positions used corre- 
sponded to a range of effective stator flow areas from 1.13 to 1.25 square 
feet. At each turbine -stator position, data were obtained at constant 
engine speeds within the range of 4720 to 7260 rpm. 


RESULTS AND DISCUSSION 
Compressor Performance 

Compressor performance maps for simulated conditions corresponding 
to a flight Mach number of 0.62 at an altitude of 30,000 feet and a 
flight Mach number of 0.46 at an altitude of 15,000 feet are presented 
in figure 3. On coordinates of compressor pressure ratio and corrected 
air flow are ohown lines of constant corrected engine speed and compres- 
sor efficiency. The approximate compressor surge limit is shown for a 
flight Mach number of 0.62 at an altitude of 30,000 feet; adequate data 
were not available to determine the compressor surge limit at the other 
simulated flight condition. 
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At all corrected engine speeds, compressor efficiency decreased as 
compressor pressure ratio was increased over the range investigated. In 
the region of corrected air flows above that for maximum compressor effi- 
ciency, the efficiency decreased rapidly as the corrected engine speed 
was raised. For engine operation from 75 percent of normal thrust to 
military thrust, the corrected engine speeds are 7630 and 7855 rpm for 
the conditions of figure 3(a) and 7290 and 7510 for the conditions of 
figure 3(b); maximum compressor efficiency occurred at lower corrected 
engine speeds and compressor pressure ratios. In the range of corrected 
engine speeds above about 7200 rpm, the corrected air flow changed a 
comparatively small amount as corrected engine speed was increased, which 
Indicated choking at the compressor inlet. 


Engine Performance 

The ambient static pressures and temperatures obtained during the 
investigation deviated somewhat from NACA standard values ; therefore all 
engine performance parameters presented graphically have been adjusted 
to NACA standard conditions at the respective altitudes by use of the 
factors 8 a and 0 a (defined in appendix A). All engine performance 

data obtained at the two simulated flight conditions for the various 
fixed positions of the adjustable first-stage turbine stator are pre- 
sented in table I. 

Adjustable first-stage turbine stator . - Composite performance plots 
for engine speeds of 7260, 7050, 6800, 6400, and 5800 rpm are presented 
in figure 4 for a simulated flight Mach number of 0.62 at an altitude of 
30,000 feet, and in figure 5 for a simulated flight Mach number of 0.46 
at an altitude of 15,000 feet. The composite performance plots, which 
were constructed by the method described in appendix B, are presented on 
coordinates of net thrust against compressor pressure ratio and include 
curves for the various effective flow areas of the first-stage turbine 
stator (obtainable by varying exhaust -nozzle area), superimposed lines 
of constant turbine-inlet to engine-inlet temperature ratio, and contours 
of specific fuel consumption based on net thrust. Where possible, the 
approximate compressor surge pressure ratio is indicated. A reliable 
measurement of exhaust -nozzle area was not available; therefore, the com- 
posite plots could not be completed to the extent of superimposing lines 
of constant exhaust-nozzle area. 

By adjusting both the first -stage turbine-stator and the exhaust- 
nozzle areas at a given engine speed to control the matching between the 
compressor and turbine, it was possible to obtain either constant 
turbine-inlet to engine-inlet temperature ratio or constant thrust over 
a range of compressor pressure ratios (figs. 4 and 5). Similarly, it was 
possible to obtain a range of turbine-inlet to engine-inlet temperature 
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ratios and consequently a range of thrusts at a given compressor pres- 
sure ratio. Increasing the turbine -stator flow ares permitted a given 
turbine-inlet to engine -inlet temperature ratio to be obtained at lower 
compressor pressure ratio and also permitted increased turbine- inl et to 
engine -inlet temperature ratios to be obtained at a given compressor 
pressure ratio. At a given turbine-inlet temperature, the ratio of 
conpressor-outlet pressures at two different turbine -stator flow areas 
should be approximately inversely proportional to the ratio of the 
turbine -stator flow areas. Small experimental errors in the measurement 
of effective turbine -stator area, turbine-inlet tenperature , and com- 
pressor pressure ratio caused some deviation from the aforementioned 
relation in figures 4 and 5. 

Within the range of first-stage turbine -stator areas investigated, 
variations in compressor pressure ratio at constant turbine -inlet to 
engine-inlet tenperature ratio and engine speed through control of 
turbine- stator and exhaust -nozzle areas did not have an appreciable 
effect on thrust (figs. 4 and 5). This was particularly true at the 
higher engine speeds and turbine-inlet to engine -inlet tenperature ratios 
where the thrust change was generally less than 3 percent; greater thrust 
changes occurred at the lower tenperature ratios. Exhaust -system losses 
affect the trends of thrust with' conpressor pressure ratio at constant 
turbine -inlet to engine -inlet tenperature ratio. As the compressor pres- 
sure ratio was increased at a given turbine-inlet to engine-inlet tem- 
perature ratio, the conpressor efficiency decreased somewhat, whereas 
the turbine efficiency tended to; increase slightly. At high turbine- 
inlet to engine -inlet tenperature ratios, the exhaust system losses 
remained relatively constant over the range of compressor pressure ratios, 
and at these conditions the thrujst was not appreciably affected by vari- 
ations in compressor pressure ratio. At the low turbine -inlet to engine- 
inlet temperature ratios, however, the exhaust -system losses tended to 
decrease with increased conpressor pressure ratio and caused larger vari- 
ations in thrust with conpressor pressure ratio. 

In general, specific fuel consumption based on net thrust at a given 
turbine-inlet to engine -inlet tenperature ra.tio decreased as the conpres- 
sor pressure ratio was increased by adjusting turbine-stator and exhaust- 
nozzle areas (figs. 4 and 5); in many cases, however, there was an opti- 
mum conpressor pressure ratio for minimum specific fuel consumption at a 
given turbine-inlet to engine -inlet tenperature ratio within the range 
of turbine -stator areas Investigated. The specific fuel consumption, in 
general, decreased on the order of 1 to 7 percent as the conpressor pres- 
sure ratio was increased at the 'higher turbine-inlet to engine -inlet tem- 
perature ratios. The aforementioned trend of decreased specific fuel 
consumption with increased compressor pressure ratio is attributed to the 
combined effects of increased thermodynamic efficiency with increased 
compressor pressure ratio, a trend of increasing turbine efficiency with 
decreased turbine -stator area, a trend of decreasing exhaust -system 
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losses with decreased turbine-stator area (especially at the lover tem- 
perature ratios), and decreased compressor efficiency with increased 
compressor pressure ratio. 

The composite performance plots of figures 4 and 5 do not show com- 
plete agreement with the analysis of reference 2. This analysis, -which 
assumed constant component efficiencies , indicated possible improvement 
in specific fuel consumption at less than maximum thrust by using an 
adjustable turbine stator and a variable-area exhaust nozzle to maintain 
operation at a constant compressor pressure ratio as compared with opera- 
tion at a constant turbine -stator area. In general, the trends of the 
specific fuel consumption contours of figure 4 indicate that a fixed 
first-stage turbine -stator area may be selected to obtain near optimum, 
specific fuel consumption over a range of engine speeds; for example, a 
first -stage turbine -stator effective area of 1.17 square feet would be 
near optimum for the conditions of figure 4. The trends of the specific 
fuel consumption contours of figure 5 indicate that the specific fuel 
consumption would be somewhat lower for operation at constant compressor 
pressure ratio as compared with operation at a constant turbine-stator 
area; however, the gains would be small at thrust levels of interest. 

The variation of specific fuel consumption with first-stage turbine- 
stator effective area at four thrust levels for each of the two simulated 
flight conditions is shown in figure 6. The four thrust levels were 
chosen to approximate military, normal, 90 percent of normal, and 75 per- 
cent of normal thrust. At the four thrust levels noted, the specific 
fuel consumption decreased at a decreasing rate as the turbine-stator was 
closed; total variations of specific fuel consumption of 3 to 12 percent 
occurred within the range of turbine -stator areas investigated at these 
thrust levels. The specific fuel consumption was affected only slightly 
(less than 1 percent) by changes in turbine -stator area between 1.13 
and 1.17 square feet. Use of turbine -stator areas less than 1.13 square 
feet would result in little or no improvement in specific fuel consump- 
tion, and the operable range at the smaller areas would he limited by 
compressor surge. 

Fixed first-stage turbine stator . - Performance data are not avail- 
able for the engine equipped with a standard first-stage turbine stator; 
however, the effective flow area of the standard first-stage stator was 
on the order of 1.17 square feet. This area would result in a specific 
fuel consumption near the optimum values at the thrust levels noted in 
figure 6. As shown in figure 4, however, the limiting turbine-inlet to 
engine-inlet ten^erature ratio at engine speeds of 7260 and 7050 rpm 
occurred at or near the compressor surge limit for an effective first- 
stage turbine-stator area of 1.17 square feet. 

Preliminary investigation of the engine equipped with the standard 
first-stage turbine stator revealed a severe compressor surge limitation 
at high corrected engine speeds (refs. 3 and 4). To make the engine 
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operable without compressor modifications and with a fixed first-stage 
turbine stator , it would be necessary to increase the flow area of the 
stator a sufficient amount to reduce the operating compressor pressure 
ratio below the surge pressure ratio at high corrected engine speeds. 

Such an increase would result in somewhat higher specific fuel consump- 
tion. For example , if a compressor pressure ratio margin of 0.15 between 
the limiting -temperature operating point and the compressor surge limit 
were chosen for the conditions of. figure 4(a), the effective stator flow 
area required would be approximately 1.20 square feet) for this area, the 
specific fuel consumption would be on the order of 1 to 2 percent higher 
than the minimum obtained at the thrust levels noted in figure 6. 

An adjustable first -stage turbine stator could be used to avoid the 
compressor surge limitation of the particular engine at high turbine- 
inlet temperatures and corrected .engine speeds, and also to permit opera- 
tion at or near optimum compressor pressure ratios for minimum specific 
fuel consumption at reduced thrusts. The available improvement in spe- 
cific fuel consumption by use of the adjustable stator as compared with 
UBe of a fixed turbine -stator effective area of 1.20 square feet, selected 
to give an arbitrary margin between the operating and compressor surge 
pressure ratios, would not warrant the complications of the adjustable 
stator. An increase in the flow ;area of the fixed first-stage turbine 
stator may be considered a temporary method of increasing the margin 
between the operating and surge compressor pressure ratios of the par- 
ticular engine) modifications to the compressor to improve the surge 
limit, such as those discussed iii references 3 and 4, would permit use 
of a fixed first-stage turbine- stator ~f low area which would result in 
near optimum specific fuel consumption at thrust levels of .interest. 


Operational Characteristics 

It is possible that an adjustable first -stage turbine stator could 
be used to improve the acceleration characteristics of the engine. Fig- 
ures 4 and 5 illustrate that the , compressor pressure ratio maybe 
decreased at a given steady-state turbine -inlet temperature by increasing 
the stator flow area) thus the margin between the operating compressor 
pressure ratio and the compressor surge pressure ratio could be increased 
for acceleration purposes. The present program, however, did not include 
an investigation of the engine acceleration characteristics. 


SUMMARY OF RESULTS 

The performance of a turbojet engine with a two -stage turbine, an 
adjustable first-stage turbine stator, and a variable-area exhaust nozzle 
was investigated at selected constant engine speeds and two simulated 
flight conditions) various fixed settings of the adjustable stator were 
used. 
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For the particular component characteristics of the engine investi- 
gated, little improvement in thrust or specific fuel consumption could 
be realized at conditions from 75 percent of normal to military thrust 
by use of an adjustable, rather than a fixed, first-stage turbine stator. 

In general, the thrust available at a given turbine -inlet to engine -inlet 
temperature ratio was not appreciably affected by variations in compres- 
sor pressure ratio through control of first-stage turbine-stator and 
exhaust-nozzle areas. The flexibility provided by an adjustable first-stage 
turbine stator and a variable-area exhaust nozzle may be used to obtain 
minimum specific fuel consumption at a given thrust; however, the avail- 
able improvement in specific fuel consumption by use of an adjustable as 
compared with an optimum fixed turbine stator was small (less than 1 per- 
cent) at thrust levels of interest. 

Because of compressor surge limitations of the particular engine 
investigated, it would be necessary to use a fixed turbine- stator flow 
area larger than that for minimum specific fuel consumption if the engine 
were to be made operable without compressor modifications and with fixed 
first-stage turbine stator. The specific fuel consumption obtainable by 
use of a given setting of the first-stage turbine stator, selected to 
give an arbitrary compressor pressure ratio margin of 0.15 between the 
limiting temperature operating point and the compressor -surge limit for 
the most critical condition investigated, would be on the order of 1 to 
2 percent higher than the minimum obtained by use of the adjustable 
stator at thrusts from 75 percent of normal to military. This penalty 
in specific fuel consumption would not warrant the complications of the 
adjustable stator. 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, November 18, 1952 
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APPENDIX A 
SYMBOLS 

The following symbols were used in this report: 

Aq effective area of first-stage turbine stator, sq. ft 
F n net thrust, lb 

M Mach number 

N engine speed, rpm 

P total pressure, lb/sq. ft 

p static pressure, lb/sq ft 

T total temperature, °R 

W a air flow, lb/ sec 

W f fuel flow, Ib/hr 

5 ratio of total pressure at engine inlet to absolute static pressure 
of NACA standard atmosphere at sea level 

6a, ratio of ambient static pressure p 0 to the absolute static pres- 
sure of NACA standard atmosphere at altitude 

9 ratio of absolute total temperature at engine inlet to absolute 
static temperature of NACA standard atmosphere at sea level 

6 a ratio of absolute ambient; static temperature to absolute static tem- 
perature of NACA standard atmosphere at altitude 

Subscripts : 

0 free-stream conditions 

1 cowl inlet 

2 engine inlet 

4 compressor outlet 


5 


turbine inlet 
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APPENDIX B 


METHOD OF CONSTRUCTING COMPOSITE PERFORMANCE PLOTS 

Comparable engine performance data adjusted to standard altitude 
conditions were not directly available for the various positions of the 
adjustable first -stage turbine stator at constant engine speeds, includ- 
ing rated engine speed, because of ambient -air temperature differences 
and because the ambient-air temperatures were higher than standard at 
the respective altitudes (table I). It was therefore necessary to use 
a method of cross -plotting and extrapolation of the data to obtain com- 
parable engine performance for the various positions of the first-stage 
turbine stator, at constant engine speeds and standard altitude condi- 
tions. 


Typical engine performance data for a fixed first-stage turbine - 
stator position for which the effective stator flow area was 1.13 square 
feet are presented in figure 7 for a simulated flight Mach number of 
0.62 at an altitude of 30,000 feet, and in figure 8 for a simulated 
flight Mach number of 0.46 at an altitude of 15,000 feet. These figures 
show compressor pressure ratio against turbine-inlet to engine- inl et 
temperature ratio, and net thrust and fuel flow against compressor pres- 
sure ratio for four engine speeds; at each engine speed, exhaust-nozzle 
area was varied to obtain the range of compressor pressure ratios. The 
constant engine speed curves of these figures were extrapolated to the 
limiting turbine-inlet to engine-inlet temperature ratio or to the com- 
pressor surge pressure ratio. 

The data of figures 7 and 8 and similar data for the other turbine- 
stator positions were cross-plotted to obtain the performance at selected 
engine speeds for which composite performance plots were to be made. The 
cross plots used the coordinates of compressor pressure ratio against 
engine speed and were made for various constant turbine-inlet to engine - 
inlet temperature ratios, net thrusts, and fuel flows. Extrapolation of 
these cross plots was necessary to obtain performance at the rated engine 
speed of 7260 rpm. Thus, the variation of turbine-inlet to engine -inlet 
temperature ratio, net thrust, and fuel flow with compressor pressure 
ratio was determined for each first-stage turbine-stator position at the 
selected engine speeds. 
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Corrected air flov, W a V^/ 6 > l^/ 880 
(a) Altitude, 30,000 feet; flight Mach number, 0.62. 

Figure 3. - Compressor performance maps. 
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70 80 90 100 11Q 120 130 140 150 

Corrected air flov, Ib/sec 

(h) Altitude, 15,000 feet) flight Mach number, 0*46. 

Figure 3. - Concluded. Compressor performance maps. 
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-First-stage turbine-stator effective area, A nj sq ft 
-Turbine-inlet to engine-inlet temperature ratio, Tg/T^ 
-Specific fuel consumption, Wf/F n , lb/(hr)(lb thrust) 

^ /V*L ^ I 


4.251 

(Limiting) 


3.7*t«- -■ 


1 . 21/1 


3 . 3 ^ \ 

" ' L 1.23 


4.6 4.8 5.0 5.2 5.4 

Compressor pressure ratio, P^/Pg 

(a) Engine speed, 7260 rpm; corrected engine 
speed, 7855 rpm. 


Figure 4. - Composite performance plots. Altitude, 30,000 feet; 

flight Mach number, 0.62. 
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4.4 4.6 4.8 5.0 5.2 5.4 5.6 

Compressor pressure ratio, P 4 /P 2 

(b) Engine speed, 7050 rpm; corrected engine 
speed, 7630 rpm. 

Figure 4. - Continued. Composite performance plots. Altitude, 

30 } 000 feet; flight Mach number, 0.62. 
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(c) Engine speed , 6800 rpm; corrected engine 
speedy 7360 rpm. 


Figure 4. - Continued. Composite performance plots. Altitude, 30,000 feet; 

flight Mach number, 0.62. 
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3.8 4.0 4.2 : 4.4 4.6 4.8 5.0 

Compressor pressure ratio , P 4 /P 2 


(d) Engine speed, 6400 rpm> corrected engine 
speed, 6925 rpm. 

- Continued. Composite performance plots. Altitude, 
30,000 feet) flight Mach number, 0.62. 


Figure 4. 
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.0 1200 


First-stage turbine-stator effective area, A^, sq ft 
Turbine-inlet to engine-inlet temperature ratio, T 5 / 
Specific fuel consumption, W f /F n , lb/(hr)(lb thrust; 


Compressor pressure ratio, P 4 /P 2 

(e) Engine speed, 5800 rpm; corrected engine 
speed, 6275 rpm. 

Figure 4. - Concluded. Composite performance plots, 
tude, 30,000 feet; flight Mach number, 0.62. 
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4.2 4.4 4.6 4.8 5.0 5.2 

Compressor pressure ratio, P 4 /P 2 


5.4 


5.6 


(a) Engine speed, 7260 rpmj corrected engine 
speed, 7510 rpm. 


Figure 5. - Composite performance plots. Altitude, 15,000 feet) flight 

Mach number, 0.46. 
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4.0 4.2 4.4 4.6 4.8 5.0 5.2 

Compressor pressure ratio , P 4 ./P 2 


(c) Engine speed, 6800 rpmj corrected engine 
speed, 7035 rpm. 

Figure 5. - Continued, Composite performance plots. Altitude, 
15,000 feet) flight Mach number, 0.46. 
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3.6 3.8 4.0 4.2 4.4 4.6 4.Q 

Compressor pressure ratio, P^/ P 2 


(d) Engine speed, 6400 rpm; corrected engine 
speed, 662 0 rpm. 

Figure 5. - Continued. Composite performance plots. Altitude, 
15,000 feet; flight Mach number, 0.46. 
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(e) Engine speed, 5800 rpm; corrected 
engine speed, 6000 rpm. 


Figure 5. - Concluded. Composite performance plots. Altitude, 
15,000 feet; flight Mach number, 0.46. 
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Turbine-inlet to engine-inlet temperature ratio, T 5 /T 1 

(a) Variation of compressor pressure ratio with turbine-inlet to 
engine-inlet temperature ratio. 

Figure 7. - Effect of engine speed on engine performance parameters. First-stage turbine-stator 
effective area, 1.13 square feetj altitude, 30,000 feetj flight Mach number, 0.62. 
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Figure 7. - Concluded. Effect of engine speed on engine performance parameters. Flrst-stase 
turbine-stator effective area, 1.13 square feet; altitude, 30,000 feet; flight Mach number. 
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(a) Variation of compressor pressure ratio with turbine -Inlet to 
engine -inlet temperature ratio. 

Figure 8 . - Effect of engine speed on engine performance parameters. First-stage 
turbine -s tat or effective area, 1.13 square feet; altitude, 15,000 feet; flight 
Mach number, 0.-46. 
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